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Introduction. 

Although brief references to the light-perceptive organs of 
l)arnacles are found throughout the literature, no really compre¬ 
hensive study has been made of them since that by Pouchet and 
Jobert in 1876. The relationships between the “eyes” in the 
larval stages and those in the adult have never been fully worked 
out. Accordingly the object of this investigation has been a study 
of the various light-perceptive organs found in the larval and adult 
barnacles and the determination of their relationships. 

Investigations relating to the light-receptors of barnacles are 
usually found combined either with studies of other structures 
of the barnacle or with studies of the eyes of Crustacea in gen¬ 
eral. Among the former type Darwin’s “ Monograph of the Cir- 
ripedia ” (1851 and 1854) is outstanding. More recently Gruvel 
(1905) has published a detailed account of the morphology and 
taxonomy of this group. Grenadier (1879), Claus (1891), 
Brooks and Herrick (1892), and Demoll (1917) have studied the 
eyes of Crustacea. General problems in this connection have been 
taken up by Parson (1831), Patten (1886 and 1887), and Mark 

(1887). 

^ The author is indebted to Dr. J. P. Visscher of Western Reserve Uni¬ 
versity for the suggestion of the problem and for assistance during the 
course of the investigation. 
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Materials and Methods. 

The ivory barnacle, Balanus chnrncns, and the rock barnacle, 
Balanns l)alanoides, were used in this study. Collections were 
made at MMods Mole, Mass., during the s])ring and summer of 
1926. Living forms were observed at this time and material was 
preserved for subsequent study. 

^Vdults of Balanus churn cits brought to the laboratory often con¬ 
tained Nauplei nearly ready for hatching. Unhatched Xauplei 
were obtained by removing the ovigerous lamelke from these 
adults, and free swimming forms were collected after hatching. 
A few metanauplei and Cyprids were obtained from to wings madt 
in the vicinity. 

In order to test the actual light-perceptive function of the adult, 
the shell was broken so that the eyes could be exposed. Speci¬ 
mens with the shell thus broken were tested to make sure that 
the light reaction was unimpaired. The eyes were then removed 
by a hot needle. In all cases included in the data, the eye ad¬ 
hered to the needle and was removed without apparent injury to 
the surrounding tissue. 

Material was fixed in picro-acetic formol (Bonin’s) or in 10 
per cent, formalin, and was either stained in Ehrlich’s hema¬ 
toxylin or mounted unstained. Most of the study was done by 
means of sections which were prepared by the ordinary paraffin 
method and cut from to lOft in thickness. Grenadier’s tech¬ 
nique for the removal of pigment (Lee, 1890) was used on sec¬ 
tions of the Cyprids. In addition a modification of Cajal’s silver 
nitrate technique as developed by Mess (1925) was used in the 
study of the adult eye. 

The Nauplian Stage. 

The formation of the median eye in Cirripedes has never been 
worked out. In Balanus churncus the eye first appears in the 
unhatched Nauplius as an elongated area of reddish pigment. 
Certain authors, for example Darwin (1851), have believed that 
the nauplian eye might arise from the union of two anlagen but, 
at least in Balanus churncus, this does not appear to be the case. 
A large number of specimens in which the eye was just forming 
were studied but in all cases it appeared as a single area with no 
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evidence of a double origin. In succeeding stages the pigment 
becomes darker and the eye appears as a bilobed structure. 

The morphology of the nauplian eye of Cirripedes has usually 
been treated incidentally in connection with studies of the com¬ 
plete animal and consequently its detailed structure is known in 
only a few forms, chiefly among the Lepadie. The pigmented 
area in the anterior region of the Nauplius was noticed by the 
earliest authors but their descriptions mention only the general 
shape of the pigment cup. A fairly complete study of the light 
receptors in the Cirripedia was made by Pouchet and Jobert in 
1876. These authors descrilied the nauplian eye as formed of two 
parts each of which represented a simple eye and was composed 
of a pigmented body with finely granular, rose-colored pigment 
and small oval bodies which stained black with osmic acid and 



Fig. I. Diagrammatic drawing of the median eye in the cyprid stage 
(longitudinal vertical section X 50 o)- c.c.. cortical cells; c.t., connective 

tissue; n., nerve; p.c., pigmented cells ; v.c. visual cells. 

which they thought might be designated as lenses, although the 
analogy was somewhat questionable. The median eye of Crus¬ 
tacea in general was described by Demoll (1917) as an inverted 
eye composed of two pigment cells forming a cup in which were 
the visual cells' which extended proximally in a nerve fibre. These 
visual cells were in the nature of “ Stifehensaume ” and the whole 
eye cup was lined with fine, reflecting scales which formed the 
“ tapetum.’' A cellular lens was said to be present in some forms. 

^^dlen sections of fully developed Nauplei are studied the 
median eye (Fig. i) can be seen lying between the so-called 
“ cerebral ganglia. The eye at this period measures about 15/x 
in diameter and, due to this small size, an interpretation of it.s 
structure is very difficult. The central region is composed of 





THE LKHIT-RECEl’TIVE OK(iAXS OF EARXACLES. 


537 


heavily pigmented cells wliich form a hi-concave pigmented cup. 
In each concavity tliere is a non-j)igmented area coated l)y cells 
with large nuclei, similar to ones which form the cortical area of 
the cerebral ganglia. The noii-])igmented area a])])ears to he made 
u]> of two visual cells surrounded hy a small amount of ccjnnective 
tissue. Each area sends off a nerve which is probably formed by 
an extension of these visual cells as in the adult. These nerves 
leave the posterior region of the eye and by very short connec¬ 
tives enter that part of the ganglia which is slightly posterior to 
the eye. 

A lens as described hy Claparede (1863) for Lepas is not 
present in Balanits. The non-pigmented area composed of visual 
cells and connective tissue was probably mistaken for a lens by 
Pouchet and Jobert (1876). This description is not in accord 
with that given for the median eye of other Crustacea by such 
authors as Hesse (1901), and Demoll (1917). The eyes of the 
two Cirripedes studied show ganglion-like visual cells instead of 
the “ Stabchen ’’ or “ Stiftchensaume ” described by these authors. 
While it is difficult to determine accurately the morphology of the 
median eye at this period, the structure, as described, agrees fully 
with that observed later in development. Hanstrdm (1927) in a 
recent article has described a somewhat similar structure in the 
larval eye of Nyniphon stroini. Whether the lack of agreement 
concerning the structure is due to error on the part of the fore¬ 
going authors or whether there is a real difference in the median 
eye of these Cirripedia is a point which has not yet been deter¬ 
mined. 

In addition to the median eye characteristic of the Nauplius. 
the Aletanaupliiis of Balanits chitrnciis has a pair of compound 
eyes which are generally known as the cyprid eyes since they are 
the most noticeable light-perceptive organs of that stage. Ihc 
cyprid eyes in the Aletanauplius appear on either side of the 
median eye near the base of each of the first pair of nauplian ap¬ 
pendages. Their structure at this jieriod is superficially the same 
as in the Cyprid but material was not available for histological 
verification of the appearance. The nauplian eye retains its char¬ 
acteristic position and appearance during the metanauplian stage. 

In common with the Nauplei of other barnacles those of Balaniu\ 
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cbitrncits show definite reactions toward light. In a dish contain¬ 
ing Nauplei these were ordinarily found congregated in the area 
having the greatest illumination. Occasionally a few individuals 
were observed which collected at a point just opposite this bright¬ 
est spot. The reason for this variation has not been determined 
but it seems to be constant in such specimens and therefore is not 
the same type of reaction as that descrilied by Groom and Loeb 
(1891) in which the same individuals responded dififerently under 
different conditions. 

The Cyprid Stage. 

The early authors had not observed the Metanauplius stage of 
Cirripedia and so did not always clearly recognize the distinction 
between the median and compound eyes. Burmeister (1834) 
described the median eye as a rounded, black spot which became 
divided and modified to form the'paired, compound eyes of the 
Cyprid. This error persisted through several of the later works 
and Darwin (1854) reported Burmeister’s observation although 
he considered it “ scarcely possible that the eye of the larva of the 
first stage can be changed into the double eyes of the second stage.’’ 
It was not until the two types of eyes were observed present at 
the same time that this misapprehension was fully removed. 

The fate of the compound eyes at metamorphosis into the adult 
has been variously described. Darwin (1851) and Hesse (1874) 
noted that the eyes fell from their capsules during metamorphosis 
while Von Willemoes-Suhm (1876) stated that before meta¬ 
morphosis the eyes lost their original position and might be seen 
only as black pigment spots which were later absorbed. A similar 
observation has been made by Coar ^ in an unpublished study of 
Balanus balanoidcs and by Hanstrom (1927). The author has 
observed the extruded eyes in slides of Balanus ainphitrite col¬ 
lected by Dr. J. P. Visscher at Beaufort, North Carolina. How¬ 
ever, the condition in Balanus cbunicus seems to be similar to that 
described by Von Willemoes-Suhm and Coar. The two late 
cyprid stages which were observed at metamorphosis showed no 
compound eyes, the region of these being occupied by pigment 
masses which may have been the degenerating eyes. 

The compound eye, as seen in total mounts, has been described 

^ Personal correspondence, 1926 . 
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by all authors studyiii.s: the Cyi:>ri(l. In such ])reparations the eye 
a])peare(l as consistiui^ of a black pi.c:incnt body and ei^ht to ten 
g^lobulcs or lenses surrounded by a large capsule, and is described 
as such by Darwin (1851), J lesse (1874), and Von Willcinoes- 
Suhm (1876). When studied in section the compound eyes of 
Baliinus halanoidcs (Fig. 2) are found to be situated in pockets 
near the bases of the antennules. In contrast to the rather unique 
structure of the median eye, their ap])earance is very similar to 
that of the compound eyes of other Crustacea. The eight to ten 
lenses described for similar forms l)y early authors are present 
and represent the same numl)er of visual elements or ommatidia. 
Each ommatidium contains a cuticular lens surrounded by “ cor- 
neagen cells/' which are reported by Patten (18S6 and 1887) to 



Fig. 2 . Diagrammatic drawing of the compound eye in the cyprid stage 
(vertical section X jeo). c., cornea; c.c. corneagen cells; /., lens; u., 
nerve. 

secrete this body, and other cells known as the cells of the crystal¬ 
line body. The lens or crystalline body is made up of three units 
forming an egg-shaped structure. The proximal ]:)ortion of the 
ommatidium contains the rhabdomes surrounded by heavily pig¬ 
mented retinular cells. This region is much shorter in the com¬ 
pound eyes of Balanus than in most Crustacea. It was not i^os- 
sible to study the rhabdome in detail but it appears to be like that 
of other Crustacea, of reticular nature and j^enetrated by nerve 
fibrils. The retinular cells pass into the oi)tic nerve of the com- 
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potind eye. The omniatidia are surrounded l)y a common corneal 
sheath. The strtictiire of the compound eye of Balanus ebiirncus 
ai)pears to be similar, as far as could be determined from a study 
of total mounts. 

In 1851, Bate noted that the pigmented area of the Nauplius was 
represented by a similar region in the Cyprid although he did not 
believe that the area was a light-receptor in either period. Claus 
(1869), in a drawing of an unknown Cyprid, pictured the per¬ 
sistence of the unpaired eye up to the moment of metamorphosis, 
although the eye is not labelled and it is probable that he did not 
realize the significance of his observation. Pouchet and Jobert 
(1876) recognized and discussed this persistence of the median 
eye through the cyprid stage. 

The median, or nauplian, eye (Fig. i) persists throughout the 
cyprid period. It has enlarged to five times its former diameter 
(15/A-79/X) but its structure is the same. The cells with large 
nuclei still coat the non-pigmented areas and because of the 
similarity of these nuclei to those of the regular visual cells, it is 
extremely difficult to determine the exact number of the latter. 
The bi-concave pigmented area is composed of many cells in con¬ 
trast to the condition reported for Lcpas, where only two cells are 
found. In each pigmented area there are two non-pigmented 
zones each containing two visual cells which form a nerve con¬ 
nection with the cerebral ganglia. These nerve connections have 
elongated while the amount of connective tissue surrounding the 
visual cells has also become greater and the reticular nature of 
part of it is evident in most sections. 

It is difficult to say just what part the compound and median 
eyes play in the light perception of the Cyprid. Probably both 
are functional. Since the median eye is functional in the stages 
l)receeding and following this period, as well as after the degen¬ 
eration of the compound eyes, it is unlikely that it would com¬ 
pletely lose its function at this time. 

The Adult Stage. 

Early observers denied the presence of an eye in adult barn¬ 
acles and indeed the relatively degenerate structure and enclosing 
shell of the adult tended to support this view, as well as the fact 
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that all eye structures were thought to he lost at nietaniorphosis, 
with the disa])])earaiice of the cyj)rid eyes. The first report on 
the existence of eyes in the adult barnacle was made by Leidy 
(1848) on Inihuiiis nigosiis (s])?). In 1854, Darwin substan¬ 
tiated Leidy’s rei)ort by finding eyes ])resent also in the adult of 
Balaiiiis tbitiniiabidmu. A summary of previous studies of the 
barnacle eye was made by Gerstaecker (1866). d'hese were con¬ 
cerned chiefly with the fact of occurrence or with external aj)- 
pearance of the eyes, d'he most complete study of the barnacle 
eye in the adult was that made by l^ouchet and jobert in 1876. 

There seems to be no published re])ort of the origin of the eyes 
in the adult. Darwin (1854) pointed out that they were not de- 
veloiied from the eyes of the Cyprid, since the new eyes were 
formed at some distance from the compound, but thought they 
might have been formed from the nauplian eye since they occupied 
a similar position. Coar ^ reported that in Bahuius bahuioidcs the 
adult eyes were formed by a division of the median or nauplian 
eye, and the author has found that the same situation occurs in 
Bahmiis ebitrncus. The eye of the Xauplius, which has persisted 
throughout the cyjirid stage, divides into two parts during the 
metamorphosis of the Cyprid into the adult. These, together with 
a part of the mantle which becomes modified around them, form 
the simple, paired eyes of the adult. In animals which have just 
completed metamorjdiosis the two eyes may be seen completeh* 
separate although still very close together (Fig. 3 A), They 
move apart during the succeeding period and, at about the fifth 
day, are in the position which they occu])y in the adult (Fig. 3 B). 
The eyes were found to lie in the mantle between the scutum and 
the juncture of the rostrum (rostrum coalesced with rostro-lateral- 
Darwin 1851) and the lateral plates of the shell. Immediately 
around the eye and optic nerve the mantle lacks its usual pig¬ 
mentation and for this reason the eye appears prominent. The 
part of the eye toward the body of the barnacle is heavily pig¬ 
mented while the region toward the shell is without pigment. 

Pouchet and Jobert (1876) described the eye as a rounded 
structure partly covered by pigment and adherent to the surround¬ 
ing tissue “ en arriere." They believed that this pigment func- 

1 Personal correspondence. 1926 . 
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tioned as a choroid coat while the non-pigmented area might pos¬ 
sibly be called a cornea. When the eye was macerated in Muller’s 
fluid they noticed the presence of a cell which owing to its volume, 
granular nature, and distinct nucleolus, they felt was undoubtedly 
a nerve cell. The existence of a double optic nerve suggested to 
them the possibility that there were two such cells. However, 
they never observed more than one and were inclined to consider 
the situation analogous to that in the Lepadse where they had 
found a double nerve but always a single nerve cell. The light 
was described as reaching the eye by traversing the tissue which 
united the valves and which contained no pigment in the vicinity 
of the eye. They found that barnacles were sensitive to light. 



Fig. 3. Diagrammatic drawing showing adult of Balanus cburneiis. A, 
immediately after metamorphosis; B, five days after metamorphosis. 

but did not believe that they possessed object vision. No men¬ 
tion is made of the origin of the adult eye although development 
from the median eye is suggested by the nature of the remarks. 

When sections of the eye of the adult are studied it is seen to 
be composed of two main divisions; an outer covering which is a 
modification of the mantle and an inner part which is developed 
from the divided nauplian eye (Fig. 4). 

The outer covering is composed of irregularly shaped cells 
similar in appearance to those of the mantle. Pigmented cells 
make up about half the area of this coat and are continuous with 
like cells in the mantle, while non-pigmented cells form the rest 
of the covering and are a continuation of similar mantle cells. 

Between this covering and the inner portion of the eye is a 
region of loose collagenous connective tissue fibers which serve 
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to hold the inner region in position as well as to support the outer 
covering. In the living specimen the interstices of these fibers are 
filled with fluid which helps to maintain the contour of the eye. 

The inner part of the eye is a sphere containing ifigmented cells, 
collagenous fibers, reticular fibers, and visual cells with their 
nerves. The pigmented region forms a cap over about half of 
this portion of the eye and lies directly beneath the pigmented 
region of the outer coat. Beneath this, is an area of rather loose 
connective tissue fibers and cells similar to those between the outer 
and inner regions. The rest of the inner eye is composed of 
a reticulum of connective tissue fibres surrounding two large 
ganglion or visual cells. A slight division is observable in this 



Fjg. 4 . Diagrammatic drawing of the simple eye of the adult (vertical 
section X 20 ). c.t., connective tissue fibres; i.p.c., inner pigmented cells; 

//., nerve; o.np.c., outer non-pigmented cells; o.p.c., outer pigmented cells; 
reticular fibers; v.c. visual cells. 

reticulum, indicating the two units of nervous elements. These 
two visual cells send off branches which ramify throughout the 
reticular fibers. Each cell also gives off a nerve fiber which is 
surrounded by a sheath. These fibers, with their individual 
sheaths, become united as a double nerve enclosed within a com¬ 
mon connective tissue coat before passing through the outer cov¬ 
ering and continuing to the supraoesophageal ganglion as the optic 
nerve. 

The enlargement of the nerve just prior to its entrance into 
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the pigment mass, as described by Gruvel (1905), is not apparent 
in the sections and it seems probable that he has included the non- 
pigmented region of the outer coat as a part of the nerve. Since 
his work did not include studies of sections of the eye, this error 
is very natural. 

l^apers on the median eye of Crustacea often describe the pres¬ 
ence of a tapetum next to the two (or more) cells which form the 
eye cups. By homology the inner pigment region of the adult 
barnacle eye corresponds to these cells and the tapetum might 
therefore be either the loose connective tissue or the reticular 
regions of this eye. However so little uniformity is found in the 
use of this term by investigators that it is considered inadvisable 
to ap])ly the name to any particular region of the barnacle eye. 

Barnacles in their natural environment will retract their cirri 
when stimulated by light, and this fact is mentioned by several of 
the early authors. Pickering (1848) brought it forward in con¬ 
firmation of Leidy’s report as to the existence of eyes in the adult. 
Darwin (1854) observed the reaction to light in Balanus bala- 
noidcs, Balaniis crcnatHS, and CJitJiainalus sfellafus and found that 
they Avere all sensitive to a shadow produced by passing his hand 
between them and the light. Gerstaecher (1866) reported ex¬ 
periments by Fr. Muller who found that Balauns tintuuiabuliiui 
would react to a shadow when the body was removed and the eyes 
and certain muscles were left in the shell. (“ dass Balaniis tin- 
tinnabiiliiui auf eine Beschattung mit der hand auch dann reagire, 
wenn er mit Zurucklassung seiner Augen an dem Manteldeckel, 
von diesem abgelost werde. Ein in dieser W'eise entblosstes, mit 
halb entrollten Ranken im Wasser liegendes Exemplar zog 
dieselben jedesmal schnell ein, wenn es beschattet wurde.”) 

In our study it was found that the adults of both Balaniis bala- 
noidcs and Balaniis cbiirnciis close the opercular vah^es if there 
is a sudden change in light intensity although very gradual changes 
do not excite the reaction. Balaniis cbiiniciis is more sensitive to 
such changes than is Balaniis balanoidcs, A slight shadow may 
sometimes be cast upon the latter without aflfecting them but it 
was never possible to do this with Balaniis cbiiniciis. 

Since it is shown that the adults possess some light-perceptive 
mechanism, it becomes necessary to find what part the so-called 
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“ eye ” i)lays in causing tins reaction. Accordingly, the light 
reaction^ were studied in twenty-five adults of Balanns churucus 
which had been dei)rived of these organs and it was observed that 
such animals showed no reaction to light changes, however sudden 
or intense, although when the eyes were intact they had all with¬ 
drawn their cirri and closed the valves under similar conditicms. 
iherefore it is concluded that these organs are the sole light- 
perce])tors present in the adult barnacle. 

1 he function of certain parts of the eye is problematical. Since 
the ganglion or visual cells send branches throughout the reticulum 
of connective tissue fibers immediately surrounding them, it is 
evident that this part serves in the transmission of the impulse. 
Ihe looser collagenous fibers outside this area do not have any 
self-evident function. As they are not jiigmented they would not 
prevent the passage of light and it seems probable that their func¬ 
tion is merely that of support. The inner pigmente<l cells may 
be either protective or reflective in nature. The structure of the 
eye and its inverted nature lend some support to the latter ])ossi- 
bility. The light enters the eye through the iion-pigmented area 
of the outer coat while its entrance through the other cells is i)re- 
vented by the pigment. The fluid which is found in the eye of 
living sjiecimens must act as a refractive as well as a supporting 
medium. 


Sum MARY. 

1. The development, structure, and function of the light-per¬ 
ceptive organs are described in the nauplian, cyprid, and adult 
stages of Bahvius churucus and Balauns balauoidcs, 

2. The light-perceptive organs present in the various stages are: 
(a) nauplian—a median eye, (b) metanauidian—a median eye and 
two compound eyes, (c) cyjirid—a median e3^e and two compound 
eyes, (d) adult—two simple e3"es. 

3. The median eye in BcdaJiiis cbunicits originates as a single, 
pigmented mass in the imhatched Nauplius and persists with no 
change, except in size, until the metamorphosis of the Cyprid into 
the adult. 

4. The compound eyes first ajipear in the metanauplian stage 
and remain functional throughout the cyprid stage. 
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5. These compound eyes are resorbed at the time of the meta¬ 
morphosis of the Cyprid into the adult. 

6. At the metamorphosis into the adult the median eye divides 
into two parts which form the simple paired eyes of the adult. 

7. Each of the paired eyes in the adult is the morphological 
equivalent of half of the median eye plus an outer covering. 

8. The simple, paired eyes are the sole light-perceptive organs 
of the adult. 
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